Predicting population persistence and dynamics in the context of global change is a major 29 challenge for ecology. A widely held prediction is that population abundance at carrying capacity 30 decreases with warming, assuming no change in resource supply, due to increased individual 31 resource demands associated with higher metabolic rates. However, this prediction, which is 32 based on metabolic scaling theory (MST), has not been tested empirically. Here we 33 experimentally tested whether effects of temperature on short-term metabolic performance (rates 34 of photosynthesis and respiration) translate directly to effects of temperature on population rates 35 in a phytoplankton species. We found that effects of temperature on organismal metabolic rates 36 matched theoretical predictions, and that the temperature dependence of individual metabolic 37 performance translated to population abundance. Population abundance at carrying capacity, K, 
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Introduction 49
Understanding population persistence and dynamics in a changing environment is a major 50 challenge in ecology. Population dynamics reflect individual organisms' performance, which can 51 change with temperature and affect demographic vital rates and ultimately population persistence 52 (Fridley 2017). Despite substantial theoretical and empirical evidence linking temperature to one 53 key demographic parameter -the intrinsic growth rate r -there has been little attention given to 54 how changing temperature affects another central population parameter: density at steady state, 55 or carrying capacity, K (Savage et Sentis et al. 2017 ). To date, we still lack an empirical test of whether 63 population carrying capacity declines with temperature, and if so, if that decline should be 64 predicted by temperature-driven change in per capita metabolic rate. 65 66 Carrying capacity, K, is the non-zero population abundance at which population growth is equal 67 to zero. K is not merely a theoretical endpoint of the logistic model at stable equilibrium 68 (Equation 1); it is one of two central parameters that describe temporal patterns in population 69 abundance in many dynamic models. Although simple, the logistic growth model effectively 70 describes population growth in microbial populations in simple environments, and underlies 71 more complex models. In the logistic growth model, 72
N is the size of the population, and carrying capacity, K, is the value of N>0 that makes dN/dt = 0 76 (Verhulst, 1838 , Gotelli 1995 . 77 78 A population's carrying capacity, K, is the outcome of density-dependent population growth 79 (Gause 1932 , Gotelli 1995 . The strength of density-dependence, or the effect of intraspecific 80 competition in limiting population growth at high densities, determines population abundance 81 when it is near K, and reflects the impact of density on per capita rates of resource use, birth and 82 death. These rates vary with the temperature dependence of metabolic rate in similar ways across 83 diverse taxa (Gillooly et where, after expansion, the first term is the energy required for maintenance and the second term, 136 Prior to oxygen flux measurements, sensor spots were calibrated with air-saturated water and 224 water containing 2% sodium sulfite at each experimental temperature. Phytoplankton cells were 225 acclimated to the assay temperature for an hour in the dark prior to measurements. Six blank 226 wells containing ESAW medium were run at the same time as the phytoplankton, and the 227 average rate of oxygen flux in these wells was subtracted from the experimental wells to account 228 for background microbial respiration. Gross photosynthesis (GP) was estimated as GP = net 229 photosynthesis + respiration at each temperature. We assumed that net photosynthesis is directly 230
proportional to oxygen production in the light. We estimated per capita mass-normalized 231 metabolic rates (B i ) by dividing the total oxygen fluxes by the total population biovolume (mean 232 cell volume * cell density) from the source cultures measured using a FlowCAM were not included in the linear fit. At steady state, the natural log of population abundances 289 (carrying capacity, ln K) decreased with increasing temperature at a rate of -0.18 eV (95% CI: -290 0.24, -0.12) (Figure 2) . This corresponds to a temperature dependence that is less than that 291 expected under Hypothesis 1, which predicts a slope that is inversely proportional to the 292 activation energy of photosynthesis (-0.33 eV, i.e. 
